Objectives: Determination of the phases in a stand-to-sit-to-stand task based on a derivative of the parameter with the lowest variance calculated based on the modified symmetry index. Material and Methods: The study group comprised 11 healthy women and 11 healthy men from the University of Physical Education in Warsaw. The examination of the kinematic and kinetic parameters of sitting down and standing up from a chair was carried out using the Vicon Mx system and Kistler force platforms. Results: The modified symmetry index was employed to select the parameters used to choose those with the lowest variance. Consequently, the phases in a stand-to-sit-to-stand task were determined. Conclusions: It was demonstrated that the task of sitting down is a reverse task with respect to standing up in terms of the symmetry of the parameters analyzed.
INTRODUCTION
Similarly to gait, sitting down and standing up from the chair are fundamental human activities. Proper sitting down and standing up habits are developed through situp exercises, which are an integral part of training and conditioning programs in sports and fitness, and are also commonly prescribed in knee rehabilitation settings. Structural disturbances and improper technique of sitting might lead to overload of articular-ligamentous apparatus in lower limbs, with particular focus on knee joints [1] . Improper habits in this function acquired in the childhood and repeated for many years, combined with the weakness of the extensor muscles of the knees and the hips might consequently lead to a number of unfavorable modifications in human motion system. Gradually, more substantial difficulties in performing the sitting down and standing up tasks are observed with age, which induces higher probability of falling down and generates the increased risk of becoming dependent on other people. For this reason, the way the sitting down and standing up are performed is often the focus of diagnostic surveys. It should be emphasized that 1 of the criteria of the properly performed of the phases in a stand-to-sit task based on a derivative of the parameter with the lowest variance calculated on the basis of the modified symmetry index.
MATERIAL AND METHODS
The study group was composed of 22 healthy students of the University of Physical Education; all of whom were aged 22 years. The group included 11 women (mean body height: 1.68±0.04 m, range: 1.60-1.77; body mass: 58.1±5.6 kg, range: 50-69) and 11 men (mean body height: 1.83±0.07 m, range: 1.68-1.91; body mass: 75.5±6.9 kg, range: 59-84). The measurement of the kinematic and kinetic parameters of the analyzed motion was carried out using Vicon Mx system (Oxford, UK), consisting of eight cameras with the frequency of recording of 100 Hz, integrated with 2 Kistler (Winterthur, Switzerland) force platforms (100 Hz). Thirtyfour markers were placed on the body of each subject according to the PlugInGait-FullBody (SACR) standards available within Vicon Mx system. Each subject performed a natural motion of sitting down and standing up from the chair with the dimension of: WDH 44/51/77 cm. The chair did not have any back and arm support. The phase of free sitting on the chair lasted for about 3 s. Each person performed the test 3 times and the analysis was carried out based on the attempts without any random mistakes, with the individuals performing the task naturally.
ETHICS
Before the measurement, the participants were informed about the study aim, the procedures and the possibility of stopping the experiment at any moment and gave their consent to participate in the experiments. All participants signed an informed consent forms before participation, in accordance with the guidelines of the University's Institutional Review Board. movement of sitting down and standing up is the symmetry of lower limbs. Rising to stand from a chair has generally been assumed to be a symmetrical activity occurring in the sagittal plane [2] . Some studies report no significant differences between the right and the left side as for vertical ground reaction forces, lower limb joint moments and angular displacements [3] , while other record significant asymmetries in the same parameters [4] . Enhanced symmetry during functional tasks is important because the subjects can overload 1 side [5] . Therefore, it seems necessary to identify the kinematic and kinetic parameters during the sitting down and standing up movements in order to find the proper symmetric body movement that minimizes overload in lower limbs when performing this activity. For the purposes of the biomechanical analysis and optimization of the methods of habits development, phases in many movement activities have been widely discussed. For instance, 4 phases can be observed in a ballistic motion of shot put: preparation, glide, transfer and release [6] . In javelin throw the recorded phases include approach run and the delivery, also called the final thrust or launch phase [7] and, in hand ball, there are phases of arm swing and ball throwing [8] . In cyclic movements, such as human gait, the phases of single and double support and the phase of transfer are observed when walking and the phases of single support and flight are observed when running [9] . One of the problems the authors experienced during the analysis of the stand-to-sit-to-stand motion is the lack of an accurate algorithm in the available literature that would allow for the division of the motion into phases, similar to those defined for instance for free human gait. Previous analyses of the kinematic and kinetic parameters and the symmetry indices calculated for these parameters did not allow for finding an accurate algorithm which would help define the phases based on the changes in only 1 of them. Therefore, the aim of the present study was determination IJOMEH 2014;27(4) 662 An additional SImod index was also calculated in order to carry out detailed comparative analyses. The index was the mean of general symmetry indices calculated for a particular variable in a particular joint: (3) Therefore, seven SImod symmetry indices were obtained for each person.
Method of identification of the phases in the stand-to-sit-to-stand task The authors' own method was developed in order to determine the phases in the stand-to-sit-to-stand task. The first step consisted in calculation of the variance for the overall symmetry indices. The parameter that was characterized by the lowest variance calculated for symmetry indices SI p joint,v (bending and extension in the hip joint) was taken into consideration. A derivative was calculated for this parameter, thus obtaining an angular velocity curve. Local minimums and maximums constituted the limits for the phases in the analyzed motion. The stages in the determination of the limits were as follows: 1. In the whole domain of motion, the extreme values for the function of angular velocity in the hip joint: maximum -v 1 max and minimum -v 2 min were found. Dynamic symmetry index in the stand-to-sit-to-stand task In order to determine the dynamics of changes in the symmetry of the parameters analyzed for the phases of motion, a dynamic symmetry index was introduced, calculated as:
STATISTICS

Kinematics and kinetics parameters
A detailed motion analysis focused on the 3 components of ground reaction forces normalized for body weight, angles in lower limb joints in 3 planes and the muscle torques normalized for body mass. For each of the parameters analyzed, the minimum and maximum values were determined, with the means that represented the limits for the parameters of healthy subjects.
Symmetry calculation method
The following variables (v) were considered for the calculations for each of the subjects: angles and muscle torques in the ankle joint, knee joint and hip joint, and ground reaction forces. Each variable was analyzed in 3 planes (p). A modified symmetry calculation index was also proposed. Partial symmetry indices (SI i ) were calculated for each of the parameters, at each i point of motion recording, according to the following formula: (1) where:
L, R -data for the left and right lower limb, respectively, i -frame number.
With these partial symmetry indices (SI i ), the general indices were calculated for each variable (angle, torque, ground reaction forces), each joint (ankle, knee, hip), and each plane (sagittal, coronal, transverse), according to the following equation: (2) where:
i -number of frames for a test, were obtained for each person.
PHASES AND SYMMETRY IN STAND-TO-SIT-TO-STAND O R I G I N A L P A P E R IJOMEH 2014;27(4)
663 recorded during the examination of 1 person that participated in the study. In the study group, shapes of the curves were similar to those presented in Figures 1-3 . In the study group, the smallest ranges of angles in the sagittal plane were observed for the ankle joint (from 0.8° to 26°). The values of angles in the knee and hip joints depend on the length of lower limbs with respect to the chair. For the knee joint, the extreme values ranged from -7.5° to 100.6°, whereas for the hip joint they were from 5.6° to 89°. In the coronal plane, the values for the ankle joint ranged from 0 to 7°, in the transverse plane they were -33° to 1°. The angle in the knee joint reached the values from -2° to 44.7° in the coronal plane and from -34° to 27.5° in the transverse plane. In the hip joint, the angles were, respectively, from -9° to 0.3° and from 20° to 42°. The obtained values of the angles have the biggest ranges (in the descending order) in the sagittal, transverse and coronal planes. The difference between the maximum and the minimum value for the sagittal plane reaches ca. 100° for the (4) where:
t -time.
The above-described index was calculated for all the parameters, whereas most of the information was provided by the analysis of the dynamics of changes in the symmetry of angles in the joints of the lower limbs in the sagittal plane. Moreover, in order to achieve the objective of the work, the following descriptive statistical methods were used: mean, standard deviation, minimum and maximum values, variation and Shapiro-Wilk test. In order to determine phases in the stand-to-sit-to-stand cycle, the parameter which was characterized by the lowest variance calculated for the symmetry index SI knee and hip joints and 25° for the ankle joint. These results might suggest that in the case of limitation of the mobility in joints, the biggest problems in performing the stand-to-sitto-stand movement will be noticeable in the sagittal plane.
RESULTS
Kinematics and kinetics parameters
The biggest values of ground reaction forces normalized for body weight are reached for the vertical component (Figure 2 ) within the range from: 0 to 0.08. Anterior-posterior and lateral-medial components range, respectively, from -0.005 to 0.007 and from -0.007 to 0.005. Similarly to the angles, the obtained results have big ranges of values in the sagittal plane. The differences between the maximum and the minimum value for the anteriorposterior and lateral-medial components equal in both cases 0.012 and this value is by 7 times lower than the vertical component. The charts for the muscle torques that act on the joints in the lower limbs, normalized for body mass, are presented in Figure 3 . For the ankle joint, the minimum value in the studied group in the sagittal plane was 0.3 Nm/kg, whereas the maximum one was: 0.9 Nm/kg. For the knee joint, the values ranged from -0.3 to 0.8 Nm/kg, whereas for the hip joint they were from -0.05 to 0.5 Nm/kg. In the coronal and transverse planes, the respective values for the ankle joint ranged from -0.5 to 0.3 Nm/kg and from -0.2 to 0.3 Nm/kg. In the knee joint, the values ranged from -0.1 to 0.3 Nm/kg and from -0.02 to 0.2 Nm/kg. In the hip joint: from -0.04 to 0.1 Nm/kg and from -0.02 to 0.2 Nm/kg. The muscle torques reached the highest values (in the descending order) in the ankle, knee and hip joints in all the 3 planes. Similarly to the previous parameters, the biggest differences between the maximum and minimum values observed in the sagittal plane were 1.2 Nm/kg (ankle joint), 1.1 Nm/kg (knee joint) and 0.5 Nm/kg (hip joint).
Determination of the phases in the stand-to-sit-to-stand task
Using the Shapiro-Wilk test we determined that the distribution of the symmetry indices Analysis of the differences between the parameters and the dynamic symmetry index in the stand-to-sit-to-stand task In order to solve the problem whether the task of standing up can be considered as a reverse task with respect to sitting down in terms of the analyzed kinetic and kinematic variables and 3 components of ground reaction forces, the analysis in Figure 5 presents the differences in symmetry indices SImod between phases I and V and between phases II and IV. The highest values of asymmetry occur in the phase of the relaxed sitting for ground reaction forces, which is reflected in muscle torques in the lower limb joints. This is caused by uneven load in lower limbs during relaxed sitting. The negative values shown in Figure 5 indicate the higher value of the SImod index for the task of standing up. In phases I and V, which mark the beginning and end, low SImod values were found, which causes that the differences are insignificant. The biggest differences were observed in the sitting down and standing up tasks. The evaluation of the stand-to-sit-to-stand task based on the differences between the phases I and V and between the phases II and IV for the SImod index are close to 0 for the kinematic and kinetic parameters. The results discussed above supported the results obtained for the dynamic symmetry index. Only the symmetry indices calculated for the kinematic parameters in the sagittal plane were taken into consideration since they represented the dynamics of changes ( Figure 6 ). Figure 6 presents changes in the dynamics of the kinematic parameters of the movement. The main areas which are susceptible to changes are phases I and II and phases IV and V. In phase III of the relaxed sitting, DSI(t) ≈ 0. When comparing the differences in the maximum values of DSI(t) obtained for the areas I and II and in the areas IV and V, the value of DSI(t) ≈ 0 is obtained, which suggests that the standing up task in healthy subjects is a reverse task in terms of the symmetry of the analyzed parameters.
biggest differences in angles were found, in the descending order, in the hip joint, the ankle joint and the knee joint, whereas the order in the case of muscle torques is as follows: the knee joint, the ankle joint and the hip joint. The results obtained in the study suggest that xv -symmetry derivative indices calculated for kinematic parameters for a given joint in the sagittal plane. (4) 668 the function of the knee joint. Therefore, the results obtained in this study might be used for comparison and assessment of the stand-to-sit-to-stand movement in people with disordered mechanics and asymmetry of this movement.
The obtained values of the angles have the biggest ranges (in the descending order) in the sagittal, transverse and coronal planes. The difference between the maximum and the minimum value for the sagittal plane reaches ca. 100° for the knee and hip joints and 25° for the ankle joint. The ranges of motion in the sagittal plane are the biggest, but it seems that the strongest effect on the lower limb mechanics comes from the ranges of internal rotation and adduction in the hip joint. When performing the stand-to-sit movement, an increased internal rotation and adduction in the hip joints can be observed and the knee joints are bent inwards, which forces a compensatory rotation of the leg shank to the outside and, consequently, disturbs the whole mechanics of the lower limb. The retraining of movements and the necessity of control of internal rotation in the hip joint in the people with the patellofemoral pain syndrome have already been emphasized [12] . Similarly to the previous parameters, the biggest differences between the maximum and the minimum values observed in the sagittal plane were 1.2 Nm/kg (ankle joint), 1.1 Nm/kg (knee joint) and 0.5 Nm/kg (hip joint). The kinematics and kinetics analyses of stand-to-sit-tostand carried out in this paper will help evaluate the differences between the population of the healthy and the disabled persons. The results are consistent with those obtained in the past by other authors [14, 15] . Furthermore, Yoshioka et al. (2007) [15] found the minimum peak joint moment at which people are able to stand up from a chair. In order for a model with a stature of 1.74m to successfully stand up from a chair with the height of 0.40m, the minimum peak joint moments of 0.24, 0.51 and 0.02 Nm/kg are required at the hip, knee and ankle joints, respectively.
DISCUSSION
Common abilities of daily living include the ability to sit down from a standing position and rise from a seated position [10] . This activity requires an adequate postural control during the motor transfer from a stable 2-point base (the standing position) to a 3-point base (the sitting position) and again to a 2-point base. Therefore, many studies have attempted to provide a biomechanical description of the stand-to-sit or sit-to-stand tasks by applying commonly accepted data collection methodologies such as the 3-dimensional kinematics and kinetics analysis.
Kinematics and kinetics parameters
A number of authors [11] [12] [13] have emphasized that a disturbed activity in the muscles of lower limbs, particularly the lack of balance in their activity (some groups are weakened while others show contractures), causes a disturbance in the proper movement trajectory, which consequently leads to the patellofemoral pain syndrome. This syndrome is characterized by pain or discomfort seemingly originating from the contact of the posterior surface of the patella with the femur. The cause of pain and dysfunction often results from either abnormal forces or prolonged repetitive compressive or shearing forces on the joint. The result is thinning and softening of the articular cartilage under the patella, inflammation and subchondral bony changes in the distal femur or patella. Typically, patients will complain of localized anterior knee pain, which is exacerbated by sports, walking, stair climbing, or sitting for a long time. The pain from prolonged sitting is thought to occur because of the constant pull of the quadriceps muscle on the knee cap while sitting, which causes its impaction against the hard and unyielding surfaces of the bones of the knee joint. The patellofemoral pain syndrome is a condition where treatment procedures should be focused in particular on gait retraining through improvement in the mobility of the lower limb, which might reduce pain and improve IJOMEH 2014;27(4) 669 In the literature, we can find analyses of the stand-to-sitto-stand movement, which have been conducted mostly in healthy subjects [19, 20] . Only a few studies have been devoted to pathological subjects [21] [22] [23] . The above-mentioned studies distinguished from 2 to 5 phases based on various kinematics or kinetics parameters. For example, Schenkman et al. [3] presented a body analysis of rising from a chair in 9 healthy subjects. The authors described 4 phases of this activity based on various data obtained from the experiment. Phase I is flexion -the momentum phase used to generate the initial momentum for rising. Phase II begins as the individual leaves the chair seat and ends at maximal ankle dorsiflexion. The forward momentum of the upper body is transferred to the forward and upward momentum of the total body. Phase III is an extension phase when the body rises to its fully upright position. Phase IV is a stabilization phase. The phases presented were differentiated in terms of the momentum and stability characteristics. It can be observed that each stand-to-sit-to-stand movement cycle in our study is comprised of 2 phases: a descending phase, when a subject descended from the standing to the seated position, and a rising phase, when the subject rose from the seated to the standing position. These 2 phases are discrete, i.e., not continuous as in the gait cycle. The descending phase depends on the eccentric muscle work responsible for extension and flexion of the feet (the phase which inhibits the effect of the moment of gravitational forces), whereas the rising phase is a concentric action Symmetry calculation method and identification of phases Symmetry has been defined as "perfect agreement of the external kinetics and kinematics of the left and right leg" [16] . Sadeghi et al. [17] suggest that symmetry is achieved if no statistical differences exist between parameters that are measured bilaterally. The SI index is the most commonly used and cited one in the publications on symmetry analysis and indicates full symmetry when SI = 0, while SI ≥ 100% indicates its absence. In the present paper, SI and its variations were a way to determine the parameter on the basis of which it was possible to identify stand-to-sit and sit-to-stand movement phases. The stand-to-sit and sit-to-stand movement cycle could benefit from a similar approach to that used to define the gait cycle, but only 2 studies [10, 18] have attempted to establish a definitive framework within which the standto-sit and sit-to-stand movements can be analyzed. Kralj et al. [10] presented a formal definition of human standing up and sitting down movements based on the sagittal plane goniometric and force plate data from 20 normal subjects. This definition consisted of defined characteristic events selected on changes in ground reaction forces and relative time intervals between them. Kerr et al. [18] distinguished 14 phases for the entire movement cycle: 7 for the descending and 7 for the rising phase based on the linear displacement and acceleration of the trunk and angular displacement of the knee (Table 1) . of these muscles when the muscles are lifting the body up to the upright position. If these muscles are weakened, the lower limbs are improperly positioned. There is no description in the literature regarding the most efficient way to perform squat exercises in order to promote balanced activation of the dynamic stabilizers of the patella and higher electrical activity of the pelvic stabilizers [24] . Furthermore, there is no information in the available literature to allow authors to select the parameters used for the division into phases. It seems that the present study is the only one that has discussed the above-mentioned problem. Furthermore, the analyzed group was uniform in terms of age. All subjects were 22 years old. Thus, the normality and efficiency of the movement have been identified without the influence of ageing, which suggests that, similar to human gait, strategies of rising from a chair might also differ [18] . Other studies have found that the elderly demonstrate greater forward lean of the trunk, perform the activity of rising more slowly, and adopt different strategies in performing the activity of rising [25] . Furthermore, no differences were found in the group of the healthy people analyzed in the study between the problem of sitting down and standing up from the chair in terms of the parameters discussed. This leads to the conclusion that these are reversed actions. With an assumption of bilateral symmetry, functionally important information regarding the peak moments at the knee and hip for individuals performing the sit-to-stand movement may be lost [26] . Better understanding of the movement of sitting down and standing up has clear implications for clinical practice and environmental health in the assessment and rehabilitation of clinical conditions such as stroke and Parkinson's disease. Moreover, the stand-to-sit-to-stand movement is a functional task which is very important in elderly subjects. Its decline with ageing accentuates the risk of falls and represents a factor contributing to the loss of autonomy. Knowledge of the movement phases of the sitting
